Abstract Ehrlichiosis is a tick-borne disease with diverse clinical presentations, ranging in severity from a flu-like illness with fever and myalgias to a serious systemic disease with multisystem organ failure. Nephrotic syndrome has been reported previously in two cases of human ehrlichiosis. A kidney biopsy revealed minimal change disease in one of those patients. Herein, we present the case of a 40-year-old man with ehrlichiosis who developed nephrotic syndrome, cryoglobulinemia, and secondary membranoproliferative glomerulonephritis (MPGN). The patient originally presented with shortness of breath, diffuse myalgias, headache, and lower extremity edema. He subsequently developed acute kidney injury and underwent kidney biopsy which showed MPGN and acute tubular injury. A tick-borne disease panel was positive for IgM and IgG to Ehrlichia chaffeensis. Serum testing revealed type 3 mixed cryoglobulinemia with no evidence of hepatitis C infection. The cryoprecipitate contained IgM and IgG antibodies to E. chaffeensis. Cryoglobulinemia is frequently associated with infections, particularly hepatitis C; however, our case is the first to describe ehrlichiosis associated with cryoglobulinemia and secondary MPGN.
Introduction
Human ehrlichiosis is caused by a group of tick-transmitted bacteria in the genus Ehrlichia. The bacteria are obligate intracellular gram-negative bacilli in the order Rickettsiales. Ehrlichiosis has long been recognized as a disease in animals, and more recently as a significant human disease [1] [2] [3] . One Ehrlichia species, Ehrlichia chaffeensis, is responsible for the majority of human infections [1, 2] . Symptoms range in severity from a flu-like illness with fever, headache, and myalgias to a severe systemic illness with liver failure, renal failure, disseminated intravascular coagulation, and septic shock [2] .
Dogs experimentally infected with Ehrlichia canis developed malaise, fever, thrombocytopenia, and proteinuria following inoculation [4, 5] . Renal pathology in one dog showed granular IgM antibody deposits in the mesangium and capillary loops, podocyte foot process effacement, and mesangial proliferation [5] . Development of severe nephrotic syndrome has also been reported in two cases of human ehrlichiosis [6, 7] . One of those patients underwent a kidney biopsy that showed changes consistent with minimal change disease with foot process effacement, but no mesangial cell proliferation, glomerular basement membrane thickening, or significant immunoglobulin deposition [7] . The present report describes a patient with ehrlichiosis associated with nephrotic syndrome, cryoglobulinemia, and secondary membranoproliferative glomerulonephritis (MPGN).
Case report
A 40-year-old white male with a past medical history of type 2 diabetes mellitus presented to the emergency department in late June complaining of shortness of breath, diffuse myalgias, headache, and lower extremity edema.
His temperature was 36.9°C, blood pressure was 163/100 mmHg, heart rate was 95 beats/min, and respiratory rate was 24/min with an oxygen saturation of 97 % on room air. His physical exam showed bibasilar rales, a 2/6 systolic ejection murmur, and 1 ? lower extremity edema. Initial laboratory evaluation showed pancytopenia with a white blood cell count of 3,000/mm 3 (normal value 4,100-10,800/mm 3 ), hemoglobin of 10.2 g/dl (normal value 13.7-17.5 g/dl), and a platelet count of 100,000/mm 3 (normal value 140,000-370,000/mm 3 ). Blood chemistries showed a blood urea nitrogen (BUN) of 18 mg/dl (6.43 mmol/l) (normal value 7-20 mg/dl) and creatinine of 0.9 mg/dl (79.6 lmol/l) (normal value 0.7-1.4 mg/dl). Albumin was 2.9 g/dl (normal value 3.5-5 g/dl). The urinalysis showed a specific gravity of 1.027, protein concentration [600 mg/dl, 15-29 red blood cells, and 5-9 white blood cells. A 24-h urine collection contained 18.97 g of protein and demonstrated a creatinine clearance of 174 ml/min (2.9 ml/s). The total volume was 1,300 ml and the total excreted creatinine was calculated at 15.72 mg/kg body weight. The complement C3 and C4 levels were within normal limits. The serum protein electrophoresis showed increased alpha-1 globulin and hypoalbuminemia. The HIV screen and hepatitis panel were negative.
Diuresis with intravenous furosemide resulted in resolution of dyspnea. BUN and creatinine were unchanged throughout the hospitalization. A bone marrow biopsy for evaluation of pancytopenia was non-diagnostic. On the 5th hospital day, the patient developed erythema and edema of his left hand. Evaluation by hand surgery diagnosed inflammation due to infiltration of an intravenous line, and the patient was discharged home with lisinopril 20 mg daily, warm compresses, and outpatient follow-up.
Three days after discharge the patient was re-admitted with increased left-hand edema, erythema, and fever of 39.4°C. Physical exam demonstrated a fluctuant, erythematous 4 cm by 3 cm lesion on the dorsum of his left hand. Laboratory evaluation showed acute kidney injury with a BUN of 35 mg/dl (12.5 mmol/l) and creatinine of 2.8 mg/dl (247.5 lmol/l). The patient had persistent pancytopenia with a WBC count of 3,200/mm 3 , hemoglobin of 9.2 g/dl, and a platelet count of 71,000/mm 3 . The albumin was 2.5 g/dl. Urinalysis showed specific gravity of 1.020, [50 RBC, 15-29 WBC, and 100 mg/dl protein. Fractional excretion of sodium was less than 1 %. Complement C3 and C4 levels were 56.2 mg/dl (normal value 80-150 mg/ dl) and 17.8 mg/dl (normal value 14-40 mg/dl), respectively. Anti-neutrophil cytoplasmic antibodies and antiglomerular basement membrane antibody levels were negative.
Lisinopril was stopped and the patient was placed on ampicillin/sulbactam and vancomycin for soft tissue infection. He underwent incision and drainage of the lefthand abscess. His blood and wound cultures grew methicillin sensitive Staphylococcus aureus. As repeat blood cultures grew S. aureus, a transesophogeal echocardiogram was performed that revealed a congenitally bicuspid aortic valve with mild aortic stenosis and mild aortic insufficiency. Although no distinct vegetations were seen, 6 weeks of intravenous antibiotic therapy was initiated because of diffuse thickening of the valve leaflets.
The patient had an episode of hypotension on hospital day 1 and received volume resuscitation with normal saline. Despite resolution of his hypotension, he became oliguric and his creatinine continued to rise. His renal ultrasound demonstrated normal renal echogenicity without hydronephrosis. The patient was initiated on renal replacement therapy on hospital day 4.
The patient underwent a kidney biopsy on hospital day 8 that showed both secondary MPGN and acute tubular injury (ATI). The ATI involved approximately 50 % of the tubules and was characterized by tubular dilatation with sloughing of the tubular epithelial cells and loss of tubular brush borders (Fig. 1c) . The biopsy contained eight glomeruli that showed mesangial proliferation and glomerular basement membrane splitting (Fig. 1a, b) . Immunofluorescence microscopy was positive for IgG, IgM, and C3 (Fig. 1d, e, f) with dominant IgM staining in a diffuse granular and chunky capillary pattern (Fig. 1e) . Electron microscopy showed mesangial interposition into the capillary wall and subendothelial electron dense deposits with a substructure suggestive of microtubules (Fig. 1g, h, i) . There was no segmental or global sclerosis, endocapillary proliferation, crescents, or fibrinoid necrosis. There was no evidence of diabetic nephropathy.
Based on the interpretation of the electron microscopy, serum cryoglobulins were obtained and were positive. Immunofixation electrophoresis detected mixed polyclonal paraproteins consistent with type III mixed cryoglobulinemia. Repeat hepatitis panel was negative, and hepatitis C polymerase chain reaction (PCR) was negative for hepatitis C RNA in the serum. A tick-borne disease panel was The patient was treated with 14 days of doxycycline for ehrlichiosis. After finding cryoglobulins in the serum, he was placed on prednisone and received plasmapheresis for 3 treatments. He continued on intermittent renal replacement therapy throughout his hospitalization and for 1 week following discharge. His creatinine returned to baseline 18 days after his last hemodialysis treatment. The patient was last seen in clinic 105 days after initial presentation and was then lost to follow-up. At this appointment, the patient's creatinine was 1.1 mg/dl (97.2 lmol/l) and his proteinuria was subnephrotic with a protein to creatinine ratio of 2.04 g/g. His pancytopenia had also completely resolved. Table 2 illustrates renal function and hematology lab results from presentation to last follow-up visit. His clinical course is represented graphically in Fig. 2 .
Discussion
Our patient presented in an endemic area during peak ehrlichiosis season [2] . His initial presentation with headache, myalgias, and pancytopenia is consistent ehrlichiosis. His second presentation was complicated by S. aureus bacteremia and acute kidney injury. Kidney biopsy demonstrated two distinct types of renal injury, MPGN, and ATI, with the latter primarily contributing to acute kidney injury. At the time of biopsy, the patient had several risk factors for ATI including underlying nephrotic syndrome, hypotension, and sepsis [8, 9] . The biopsy finding of MPGN explained the patient's nephrotic syndrome which preceded his episode of AKI. MPGN describes a pattern of glomerular injury seen in multiple settings including infections, autoimmune diseases, hematologic malignancies, and alterations in complement [10] . It is the pattern of glomerular injury most commonly seen with mixed cryoglobulinemia [11] .
Cryoglobulins are immunoglobulins that precipitate at temperatures below 37°C [12] . They are generated by clonal expansion of B cells which occurs in lymphoproliferative [12] . Type I cryoglobulinemia is primarily associated with lymphoproliferative disorders, while mixed cryoglobulinemia is most frequently associated with chronic hepatitis C infection, accounting for at least 70 % of cases [11] . Additional etiologies of mixed cryoglobulinemia include other chronic infections, autoimmune disorders, and hematologic malignancies [11] [12] [13] . Our patient had no evidence of autoimmune disorder, hematologic malignancy, or hepatitis C infection. Other infections that have been associated with mixed cryoglobulinemia include hepatitis B, Epstein-Barr virus, HIV, Streptococcus species, Mycobacterium tuberculosis, leprosy, plasmodium, toxoplasmosis, and Lyme disease [14] [15] [16] [17] [18] [19] [20] [21] .
Based on the presence of IgM and IgG antibodies to E. chaffeensis in the cryoprecipitate, we propose that the mixed cryoglobulinemia was induced by an immune response to ehrlichiosis. The absence of immunostaining of the kidney biopsy tissue for Ehrlichia does not preclude that diagnosis. In hepatitis C-related mixed cryoglobulinemia, the hepatitis C antigen may not be present in the kidney. Sansonno et al. [22] reported negative staining for hepatitis C proteins in 4 of 12 patients with documented hepatitis C-related cryoglobulinemia and MPGN. Thus, the findings in our patient suggest that ehrlichiosis should be added to the list of infections associated with mixed cryoglobulinemia and secondary MPGN.
